Abstraet--Mrssbauer spectroscopy of dioctahedral phyllosilicates showed that on dehydroxylation iron which originally occupied M(2) and M(1) sites became, respectively, 5-and 6-coordinated. The 6-coordinated sites are very distorted 9 No migration of cations occurs in the course of heating the specimens for 1-3 hr at 600~176
INTRODUCTION
Although the dehydroxylation of dioctahedral silicates has been extensively studied, many questions about the coordination of the octahedral cations after dehydroxylation, the details of the reaction mechanism, and the fate of dehydroxylates formed in nature remain unanswered. On heating phyllosilicates four different processes may occur separately or concurrently: (1) oxidation of cations; (2) loss of water to form a dehydroxylate; (3) migration of cations to different sites; (4) disintegration of the structure 9
Dehydroxylation does not necessarily occur simultaneously throughout the entire phyllosilicate structure. By using different methods of investigation, the changes occurring in various structural units may be assessed independently. Thus, Matyash et al. (1969) , who followed the dehydroxylation of glauconite by electron spin resonance (ESR) and nuclear magnetic resonance (NMR), demonstrated that "destrur of the hydromlca structure begins m the Vlclmty of iron ions at a temperature of 500~ long before general destruction of the structure begins, at 850~ '' It is generally known that dioctahedral 2:1 silicates give rise to well-defined dehydroxylates and that small interlayer cations may migrate into the octahedral sheets on heating. Whether heating also causes migration of cations within the octahedral sheets and which factors lead to breakdown of the structure have not been established. showed that the course of dehydroxylation was modified when samples were heated in the presence of an alkali halide, e.g., KBr, which acts as a proton acceptor, leading to reactions of the type:
M+o.~o (SiT.~ AI().a0 (Ala.o7 Fea+o., ~6 Fe~+o.o5 Mgo.50 O.>o(OH)~ + (x + y)KBr--> M+<o,~ .vl (Si7.6~Alo,a 0 (Ala.07 Fea+o.41Mgo.~ 0 O(20 + x)(OH)(4 _ x)K(x + y) + xHBr + yMBr
Her results suggested that a comparison of the changes occurring when samples were heated with or without alkali halides might throw additional light on the dehydroxylation process itself. For example, Fe 2 § in octahedral sheets might oxidize 9 The effect of the oxidation of Fe 2 § on the thermal changes of trioctahedral micas and vermiculites has been studied by many investigators, but little is known about the ease with which iron is oxidized on heating dioctahedral phyllosilicates or about the mutual effect of iron oxidation and dehydroxylation of these minerals, , .... A model of pyrophyllite dehydroxyiate was developed by Wardle and Brindiey (1972) , but no detailed structure determination of a dioctahedral phyllosilicate dehydroxylate has been reported in the literature. Mrssbauer studies were therefore made in the present investigation to establish some of the structural features of the dehydroxylates. Several phyllosilicates, ranging from those with low iron content (montmorillonite, muscovite, phengite) to those with high iron content (nontronite, celadonite) and having varying site occupancies, were selected for detailed analysis. Dehydroxylation at different temperatures was studied by (K1.gs Nao.ol) (Si6.,1A1,.89) (A13.71Mgo.1o Fe3+0 2o)O2o(OH)4 (microprobe analysis)
Celadonite: Verona, Italy (HU 3159, Hebrew University collection); KI.9(Si7., Alo.9) (Mg~,.8 A10~ Fe3+.2.0 O2,,(OH)4 -Phengite: Alpine metamorphic rocks (P 1378) and metamorphic rocks from the Caledonian Mountains (77L27); separated by G. Steinitz.
Methods
Powdered samples were heated in open crucibles at the temperature indicated and cooled in air. Unless otherwise stated, all samples were heated for one hour. In addition, samples of montmorillonite and nontronite were mixed with KBr in the ratio of 1:3 and heated at various temperatures.
Mrssbauer spectroscopy. The experimental details and the method of resolving spectra were described by Rozenson et al. (1979) . Isomer shifts were measured relative to metallic iron. No theoretical limit can be placed on the number of doublets into which an observed M6ssbauer spectrum may be resolved, but beyond a certain maximum the fit ceases to be significant. Three criteria were therefore used to limit the number of doublets into which the spectra were resolved: an optimally low value of X 2, acceptable MSssbauer parameters (in particular, line widths), and reasonable agreement with known or inferred structural features.
The spectra under investigation were resolved into one or two Fe a+ and one or two Fe z+ doublets, i'he second doublet Fe 3+ or FC § was introduced only when doing so led to a significant (>200) decrease in X ~. The additional doublet does not affect the magnitude of the isomer shifts (I.S.).
The assignment of the doublets was based on the data from -200 samples of dioctahedral phyllosilicates obtained in this laboratory or gleaned from the literature (Rozenson, paper in preparation) . In general, the doublets associated with 6-coordinated iron in phyllosilicates were assigned according to their quadrupole splitting (Q.S.). The qlat contribution for both Fe 3+ and Fe 2 § ions depends on the configuration of the octahedral site, i.e., whether the OH groups are in cis [M(2) ] or trans [M(1) ] arrangement (Bancroft, 1974) . Goodman (1978) suggested that the effect of trivalent ions in tetrahedral sites on the Q.S. of the doublets associated with octahedral Fe 3+ may obscure the difference between M(1) and M(2) sites. This was not borne out by the results obtained by Rozenson, which were derived by comparison of the Mbssbauer parameters with known crystal structures wherever available, by determining the temperature dependence of the Q.S. of Fe 2+ doublets, and by theoretical calculations of the values of the Q.S. for some of the samples. A correlation was found between the magnitude of the Q.S. and the composition of the octahedral sheets.
For the purpose of assigning the doublets, dioctahedral phyllosilicates may be divided into two groups--Group A, minerals with a low iron content (Al-mica, illite, montmorillonite, beidellite) and Group B, minerals with a high iron content (nontronite, glauconite, celadonite). The ranges of the values observed (mm/sec) for the Q.S. of the various doublets are shown below: The doublets in the present study were assigned accordingly.
X-ray powder diffiaction. The position of the 060 reflection was measured on a random powder with quartz as an internal standard to -+0.001 t~. This parameter measures changes in the overall dimensions of the sheets.
X-rayfluorescence. A20, the difference between the position of the AIKa peak of the sample and that of aluminum metal was determined as described by Wardle and Brindley (1971) to an accuracy of 0.003~ Changes in A20 reflect changes in the environment of A1. In montmorillonite the amount of octahedral AI greatly exceeds that of tetrahedral AI and no major changes are expected in the coordination of tetrahedral AI. Observed shifts were therefore attributed entirely to changes in octahedral AI. The method was not applied to the other samples, which have a higher proportion of tetrahedral AI.
Infrared spectroscopy. The samples were examined in the form of KBr discs. In the study of smectites attention was focused on OH bending vibrations: For muscovite and celadonite changes in the hydroxyl stretching vibrations were recorded. The bands were assigned according to Farmer (1974) .
Montrnorillonite

RESULTS AND INTERPRETATION
Montmorillonite (Table 1 , Figures 1 and 5) In the original sample Fe 3+ occupies M(2) sites preferentially, and approximately one third of the total iron is Fe z+. After heating to 400~ no Fe z+ remained, but the parameters of the Fe 3+ doublets were not affected. No further modification of the spectra occurred up to 600~ No changes in d(060) or A20 were observed below 500~ but the Mg-OH-AI absorption at 850 cm 1 was considerably reduced in intensity at 400~ At 600~ drastic changes occurred: the Fe-OH-AI (880 cm -1) and Mg-OH-A1 (850 cm 1) absorption bands disappeared entirely, the Q.S. of Fe 3+ in both M(1) and M(2) sites increased, and 2x20 decreased; however, no appreciable change in d(060) was noted. Heating to 700~ did not affect the Q.S: of M(1) and M(2) doublets, but the AI-OH-A1 absorption band (915 cm -1) disappeared, 2~20 decreased further, and d(060) increased from 1.495 to 1.502 ]k.
Li-montmorillonite (Figure 6)
Substitution of Li in the interlayers led to partial oxidation of Fe 2+, as previously reported (Rozenson and Heller-Kallai, 1978 ), but did not affect the M6ssbauer spectra of either the unheated or the heated material. The sample, however, differed from natural (largely Na-substituted) montmorillonite in several other respects: the OH bending vibrations were modified, as described by Calvet and Prost (1971) , who attributed the changes to partial penetration of Li into the octahedral sheets, h20 decreased, as for natural montmorillonite, but the final value was reached at a considerably lower temperature. Similarly d(060) increased to 1.500 ~ at a lower temperature than that of montmorillonite. After heating the sample to 700~ a, the reflection could no longer be detected. The MSssbauer spectra were not significantly affected by the presence of Li.
Montmorillonite + KBr (Figure 7)
The presence of KBr did not affect the values of the MSssbauer parameters nor of A20 or of d(060). The infrared spectra, however, showed considerable differences. The Fe-OH-A1 bending vibration was the first to be affected by heating the sample. It was appreciably weakened after heating to 400~ and disappeared at 500~ while A1-OH-A1 and A1-OH-Mg vibrations persisted at this temperature. No OH-bending vibrations were observed after heating the sample to 600~ A drastic increase in the Q.S. of M(1) doublets occurred after heating to 400~ (in contrast to 600~ for montmorillonite without KBr), but an increase in Q.S. of M(2) doublets was observed only after the sample was heated to a much higher temperature.
Li-montmorillonite + KBr
The changes observed were very similar to those recorded for natural montmorillonite heated in the presence of KBr. Some perturbation of the infrared pattern was observed, but less than for Li-montmorillonite ' Ed. note: As stated in the experimental methods section (p. 356), samples described as being heated to a particular temperature were heated at that temperature for one hour, unless otherwise indicated. without KBr. It was attributed to partial penetration of Li into the octahedral sheets before interaction with KBr occurred (Heller-Kallai, 1976) . (Table 1) The Mrssbauer spectrum of the original sample could be fitted satisfactorily by one Fe 3+ and one Fe z+ doublet, corresponding to Fe in M(2) sites. After heating the sample to 600~ only one Fe 3+ doublet with relatively large Q.S. remained.
Beidellitic montmorillonite
Nontronite (Table 2, Figures 2 and 8)
The M6ssbauer spectrum was resolved into two Fe 3+ doublets, with relative intensities of -1:2, indicating that the Fe content of all octahedral sites is equivalent, as previously discussed (Rozenson and Heller-Kallai, 1977) . The spectrum remained unchanged for samples heated to 350~ at which temperature the Q.S. of the doublets increased. The Q.S. continued to increase steadily as the samples were heated to higher temperatures. Nontronite differed from the other minerals studied in showing a gradual increase in Q.S. with increasing temperature. On heating above 600~ the mineral disintegrated, and a six-line magnetic spectrum characteristic of hematite was obtained.
The intensity of the Fe-OH-AI absorption band was considerably reduced after the sample had been heated Muscovite (Table 3) The M6ssbauer spectrum of muscovite resembles that of montmorillonite in showing two Fe 3 § doublets, with a pronounced preference of Fe 3+ for M(2) sites. After heating the sample to 500~ no Fe 2+ could be detected, and the Q.S. of both doublets increased. No significant changes in the M6ssbauer spectra were observed on further heating to 700~
After heating the sample to 630~ d(060) increased from 1.503 to 1.515 A, but the presence of weak hydroxyl stretching bands indicated that dehydroxylation was not complete. Changes in A20 could not be determined because of the high content of tetrahedral A1.
Celadonite (Table 4 and Figure 3) The M6ssbauer spectrum of celadonite showed one intense doublet corresponding to Fe 3 § in M(2) sites and a weak doublet corresponding to Fe z § in M(2) sites. After heating the sample to 420~ a weak doublet appeared with a Q.S. of 1.16 mm/sec, and some of the iron persisted in the divalent form (Figure 3b) . After heating the sample to 530~ the Fe 3 § doublet with a larger Q.S. predominated and the Fe 2+ doublet disappeared; however, a weak Fe 3+ doublet with the same parameters as that produced by the original mineral was still detectable ( Figure 3c ). In addition, a weak six-line magnetic spectrum characteristic of hematite appeared. On further heating of the specimen the inner doublet entirely disappeared and the spectrum of hematite became more intense.
After heating the sample to 530~ IR bands at 3550 and 3520 cm -1, assigned to Fe-OH-Mg and Fe-OH-Fe stretching vibrations, respectively, became broad and unresolved. A band at 3600 cm -1, assigned to Mg-OH-AI vibrations, remained unchanged. The value of d(060) decreased slightly, from 1.511 to 1.509 ~.
Phengite (Table 5 and Figure 4) Sample 77L27 showed only one doublet, corresponding to Fe z+ in M(2) sites. The doublet is narrow and cannot be meaningfully resolved. Heating the sample to 200 ~ or 300~ for 5 days had no effect on the spectra. After heating the sample for 5 days at 400~ about half of the iron was oxidized. At this stage, the spectrum could be resolved into two doublets, one with the original parameters, the other with a Q.S. of 1.20 mrn/sec (Figure 4b) . Aliquots heated at 700~ in air or under vacuum gave rise to a spectrum composed of only one doublet, with Q.S. 1.18-1.20 mm/sec. Sample P 1378 showed two doublets corresponding to Fe 3+ and Fe 2+ in M(2) sites, respectively. The spectrum of the sample after heating to 700~ was identical with that of sample 77L27 heated to the same temperature, demonstrating that the doublet due to Fe 3+ that was derived from FC + became indistinguishable from that of Fe z+ present in the original mineral. 
NATURE OF DEHYDROXYLATES IN LIGHT OF MOSSBAUER SPECTRA
Assignment of doublets of the dehydroxylates
The increase in Q.S. observed with the heated specimens may be inferred to be due to structural changes associated with dehydroxylation of the sites. This inference is confirmed by comparing the IR spectra with the M6ssbauer spectra. The assignment of the doublets to the two possible sites presents some problems. Wardle and Brindley (1971) showed that in pyrophyllite, octahedrally coordinated A1 Occupies (5) 1.13 (1) 2.68 (2) 0.38 (2) 100 199 1.13 (1) 2.65 (2) 0.38 (3) 52 (4) M(2) positions and that on dehydroxylation the coordination is reduced to 5. By analogy it may be inferred that Fe 3+ ions in the phengite, celadonite, and beidellite studied, which occupy M(2) sites in the original minerals, will be 5-coordinated after dehydroxylation.
(Unfortunately, no pyrophyllite containing sufficient Fe for a reliable Mfssbauer study was available.) The post dehydroxylation coordination of cations which occupy both M(1) and M(2) sites in dioctahedral minerals (e.g., Fe 3+ in montmorillonite, muscovite, and particularly in nontronite) does not seem to have been considered. If the structure of pyrophyllite dehydroxylate is used as a prototype, the cations which originally occupied M(1) sites (vacant in pyrophyllite) must become 6-coordinated after dehydroxylation of minerals in which both M(1) and M(2) sites are occupied by Fe. Two doublets would be expected--one corresponding to Fe 3+ in 5 coordination, the other with Fe ~+ in a distorted octahedral environment. In fact, the spectra of heated montmorillonite, muscovite, and nontronite can be resolved into two Fe 3+ doublets, in contrast to those of heated celadonite, phengite, and beidellite, which gave rise to only one doublet. Thus, it is likely that Fe 3+ occupying M(2) and M(1) sites in the original minerals became respectively 5-and 6-coordinated after dehydroxylation. The question then arises which of the doublets corresponds to 5-coordinated and which to 6-coordinated Fe 3+. Comparison with the spectra of dehydroxylated beidellite, phengite, and celadonite suggests that the doublet with the smaller Q.S. should be assigned to Fe 3+ in 5-coordination. The very large values of the Q.S. of the second doublets indicate that the octahedral environment is very distorted.
This assignment receives further support from a study of the changes occurring when nontronite is heated to progressively higher temperatures. The original spectrum showed two doublets with Q.S. = 0.32 and 0.69 mm/sec, assigned to Fe 3+ in M(2) and M(1) sites, respectively. After heating the sample to 400~ the spectrum was resolved into two doublets with Q.S. = 0.53 and 1.16 mm/sec, respectively. If the doublet with Q.S. = 0.53 mm/sec were assigned to Fe 3+ which originally occupied M(1) sites, a decrease in Q.S. on heating would have to be postulated, which is contrary to all other results obtained.
The fact that samples with Fe exclusively in M(2) sites give rise to a single doublet after dehydroxylation indicates that Fe does not migrate from M(2) to M(1) sites during the short periods (one hour) of heating employed. The relative intensity of the two doublets of nontronite does not alter significantly on heating, also confirming that no migration of cations occurs. The relative intensities of the doublets in the iron-poor muscovite and montmorillonite seem to change on heating, but the errors involved in resolving the spectra at intermediate temperatures of heating are considerable. The values of the relative areas of the doublets are particularly prone to error. Although the M6ssbauer spectra of montmorillonite and muscovite do not, therefore, disprove the migration of cations on heating the samples for one hour, or even three hours, the spectra of nontronite, beidellitic montmorillonite, celadonite, and phengite strongly suggest that under these conditions cations maintain their original sites. Moreover, cation migration after more prolonged periods of heating was clearly shown by the M6ssbauer spectra (Rozenson and Heller-Kallai, 1980) . Lindqvist (1962) and Bailey (1975) suggested that the increase in the b parameter with dehydroxylation of dioctahedral layer silicates indicates redistribution of the octahedral cations over all the octahedral positions. The M6ssbauer spectra of this study do not support this conclusion. The increase in b merely indicates a change in structure on dehydroxylation.
The Q.S. of Fe 3+ in montmorillonite, beidellite, and muscovite are larger than those of Fe 3+ in corresponding sites of the iron-rich minerals nontronite, celadonite, and phengite. This difference persists on dehy- ,,
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,oh,,2 -0050 TEMR *C Figure 5 . Correlation between Q.S., A20, d(060), and temperature of heating of natural montmorillonite. Fe-0~I-A1 etc. indicates the temperature at which the corresponding IR absorption band disappeared.
droxylation. If a larger Q.S. of Fe 3+ doublets indicates greater site distortion, as is generally accepted (Bancroft, 1974) , it may be concluded that sites occupied by Fe 3+ in iron-poor minerals are more distorted after dehydroxylation than those in their iron-rich counterparts, as was previously observed for the original minerals (Rozenson and Heller-Kallai, 1977) .
The MOssbauer parameters
The quadrupole splittings of the Fe 3+ doublets of the .dehydroxylated samples are large. The smaller splittings, from 1.0 to 1.3 mm/sec, have been assigned to Fe 3+ in 5-coordination, and the larger, from 1.6 to 1.8 mm/sec, to Fe 3+ in distorted 6-coordination. These assignments were based on structural considerations and not on the Mrssbauer parameters. It is customary in mineralogical studies to assign Fe 3+ doublets according to their Q.S.--the larger the deviation from cubic symmetry, the greater the Q.S. It is difficult, however, to anticipate which of two sites, one with 5, the other with 6 ligands, would have the larger Q.S., even if their distortion were similar. Only two minerals are known in which Fe 3+ may occur in 5-coordination: replacing A1 in andalusite (Burnham and Buerger, 1961) and m yoderite (Fleet and Megaw, 1962) . Halenius (1978) assigned two doublets in the spectra of andalusite to Fe 3 § in 6-and 5-coordination, but in view of the small isomer shift of the latter, the question arises whether some Fe 3+ may be present in tetrahedral coordination (Rozenson and Heller-Kallai, 1980) . Abu Eid et al. (1978) obtained only one Fe z+ doublet for yoderite, and the assignment is uncertain. Fe s+ occurs in 5-coordination in BaFellO19 (Townes et al., 1967) and gives rise to a doublet with the very large Q.S. of 2.01 mm/sec (Kreber et al., 1975) , but the site is so distorted that the Structure cannot serve as a general model. Several structures have been reported in which Fe s § occurs in very distorted 6-coordination, and the associated doublets have a very large Q.S., e.g., 1.8 ram/ sec for andalusite (Rozenson and Heller-Kallai, 1980 ) and 1.97 mm/sec for epidote (Dollase, 1971) . By analogy with the structure of pyrophyllite dehydroxylate (Wardle and Brindley, 1972) it is to be expected that the 6-coordinated sites in dehydroxylated phyllosilicates are very distorted. The criterion of site symmetry cannot therefore be used for any a priori assignment of the doublets with large Q.S. to sites either with 5-or 6-coordination. Fe 3+ in 4-coordination gives rise to doublets with smaller I.S. than Fe 3+ in 6-coordination, due to the greater covalency of the bonds. Isomer shifts associated with Fe 3+ in 5-coordination are therefore expected to be intermediate. Fe 3+ in 5-coordination in BaFe11019 shows a doublet with a very small I.S. which, like the large Q.S., may be attributed to the very considerable distortion of the sites (Rozenson and Heller-Kallai, 1980) . The I.S., therefore, is not a reliable criterion for site assignment. In the phyllosilicate dehydroxylates examined, moreover, the doublets have similar isomer shifts. Thus neither the Q.S. nor the I.S. are diagnostic for assigning the doublets to sites with Fe 3+ in 5-or 6-coordination, but they are compatible with assignments proposed on structural grounds.
The line widths of the Fe 3+ doublets, particularly those of heated iron-poor specimens, are large. This may be due to a combination of two factors: (1) the high degree of disorder of the crystallites, evidenced by XRD patterns, which probably leads to a variety of cation environments, and (2) relaxation effects in samples containing low concentrations of Fe 3+ (Rozenson et at., 1979) .
THE DEHYDROXYLATION PROCESS
On heating montmorillonite to 300~ all OH bending vibrations were reduced in intensity, the AI-OH-Mg vibration being the most affected. On heating to higher temperatures this vibration became continuously weaker, but when KBr was present, it regained intensity. Heller-Kallai (1976) inferred that dehydroxylation is preceded by protonation of the OH group adjacent to the site of negative charge, but that this is reversible in the presence of a proton acceptor.
A1-OH-Mg absorption bands disappeared entirely at 600~ together with the A1-OH-Fe absorption bands. At this stage the Q.S. of both Fe 3+ doublets increased sharply, but only a very minor decrease in d(060) was observed, showing that although considerable changes occurred in the configuration of some of the octahedral sites, this did not appreciably alter the dimensions of the octahedral sheets. Only when most of the AI-OH-A1 groups were dehydroxylated at 700~ and A20 reached its lowest value, was the geometry of the entire sheet modified and d(060) increased to 1.502 &.
The localized character of some of the changes occurring in the octahedral sheets is also illustrated by Limontmorillonite. The perturbation of the IR spectra indicates that Li penetrates into the octahedral sheets at relatively low temperatures, but this was not associated with any change in the quadrupole splitting of either of the Fe 3+ doublets, in A20 or in d(060). The temperature at which dehydroxylation was completed was lower than that for the natural montmorillonite. None of the parameters of the dehydroxylate recorded differed from those of dehydroxylated natural montmorillonite, but the d(060) reflection could not be detected after heating at 700~ showing that the presence of Li in the octahedral sheets reduced the stability Of the dehydroxylate.
The configuration of the octahedral sheets of smecrites has not been definitely established. In montmorillonite Fe 3+ occupies M(2) sites preferentially, but some Fe ~+ also occurs in M(I) sites (Rozenson and HellerKallai, 1977) . The distribution of the other octahedral cations is uncertain (Grim and G/iven, 1978) . It was inferred from the M6ssbauer spectra that Fe 3+ ions which originally occupy M(1) and M(2) sites become 6-and 5-coordinated, respectively, after dehydroxylation. By analogy it seems probable that other cations which originally occur in M(1) and M(2) sites become similarly coordinated. If in montmorillonite, as in muscovite, octahedral A1 and Mg ions predominantly occupy M (2) sites, Li which penetrates into the octahedral sheets on heating is expected to occupy vacant M(1) positions. If some AI and Mg ions initially occupy M(1) sites leaving some M(2) sites vacant, Li ions may also penetrate into M(2) positions. Whatever its coordination after dehydroxylation, the configurational effect of Li ions on the octahedral sheets is apparently confined to the immediate vicinity of the sites involved and the overall parameters are not significantly affected. The stability of the entire structure is, however, reduced.
The changes observed when montmorillonite was heated with KBr at 400-500~ were attributed to deprotonation of the Fe-OH-AI groups by reaction with KBr (Heller-Kallai, 1975 ). This does not affect the overall size of the octahedral sheets nor the environment of most of the A1 ions. The effect of deprotonation, like that of Li penetration into the octahedral sheets, is localized. Only when most of the A1-OH-Mg and AI-OH-AI groups were dehydroxylated, after heating at 600~ were significant changes recorded in d(060) and A20, as in the absence of KBr. With Li-montmorillonite the presence of KBr raises the temperature at which the final values of d(060) and 2x20 are reached.
In summary, changes occurring on heating mont- morillonite initially tend to be confined to selected sites in the octahedral sheets, without affecting the overall dimensions of the sheets or even the geometry of adjacent sites. Only when most of the octahedral groups are dehydroxylated are the parameters of the entire sheet affected. Nontronite differs from montmorillonite ir several respects. It has been shown that the overall distribution of Fe 3+ in the octahedral sheets is random, i.e., the ratio of Fe 3+ in M(2) and M(1) sites is 2:1 (Rozenson and Heller-Kallai, 1977) . If it is assumed that octahedral A1 is also randomly distributed, the probabilities that in the sample investigated octahedral groups are of the type Fe-OH-Fe or Fe-OH-A1 are 47 and 29%, respectively. The probability that A1-OH-A1 groups occur is only 4%. The disappearance of Fe-OH-Fe absorption bands after the sample was heated to 350~ was not associated with significant changes in d(060) or in the quadrupole splitting of the Fe 3+ doublets. Since Fe-OH-Fe are the dominant octahedral associations in nontronite, it is difficult to envisage dehydroxylation of these groups without such changes. It is probable, therefore, that proton migration of the type /o\
Fe Fe H precedes dehydroxylation and that proton migration, rather than dehydroxylation, causes the Fe-OH-Fe absorption band to disappear. This assumption is supported by the observation that, in contrast to the effect observed with montmorillonite, heating nontronite with KBr delays the disappearance of the Fe-OH-Fe vibrations, probably due to the fact that partial K ~.~ H exchange reduces the probability of proton transfer. At higher temperatures the quadrupole splittings increased, indicating that dehydroxylation occurred. The Fe-OH-AI absorption band disappeared, but the associated changes in d(060) were relatively small. Dehydroxylation was completed at lower temperatures than with montmorillonite and the dehydroxylate was less stable. Nontronite differed from all other samples examined in one respect; while the increase in Q.S. on heating occurred abruptly in all the other samples examined, it was gradual with nontronite, extending over a temperature range of about 250~ It seems that the octahedral sheets of this iron-rich mineral assume some intermediate configuration before reaching that of the dehydroxylate. Celadonite, which is also rich in iron, shows an abrupt change in Q.S., possibly due to the greater rigidity of the structure.
In other respects the dehydroxylation of celadonite resembles that of nontronite, whereas muscovite corresponds to montmorillonite. Dehydroxylation of Fe-OH-A1 groups in muscovite occurred at a much lower temperature than that of A1-OH-AI groups. Celadonite was dehydroxylated at a lower temperature than muscovite, losing Fe-OH-Fe and Fe-OH-Mg before AI-OHMg groups.
The dehydroxylates of the iron-rich minerals nontronite and celadonite were unstable. Celadonite partially disintegrated on heating to 530~ and gave a weak MSssbauer spectrum of hematite. Nontronite disintegrated on heating to 600~ in contrast to montmorillonite and muscovite dehydroxylates, which were stable to this and even higher temperatures.
OXIDATION OF Fe z+
The proportion of Fe 2+ in the samples, deduced from the M6ssbauer spectra of the unheated minerals, is included in Tables 1-5 . On heating the samples, the Fe z+ doublets became progressively weaker, but no change was observed in the other parameters of the doublets. After dehydroxylation all Fe was in the trivalent form, even when the samples were heated in vacuum, and the doublets associated with Fe 3+ derived from Fe 2+ could not be differentiated from those of Fe 3+ in the original minerals. Such results were obtained with all samples containing Fe z+ , but were particularly well demonstrated by the phengites studied, one of which contained only Fe 2+ and the other both Fe 2+ and Fe 3+, yet the dehydroxylates were identical.
In none of the samples examined was a change observed in the M6ssbauer parameters of the Fe 2+ doublets that could be correlated with dehydroxylation of Fe z+. It appears that dehydroxylation of Fe z+ is preceded or accompanied by oxi~latio~ It r0~ be speculated that off oxidati6n charge bal~ince is maintained by the loss of protons. The bond strength between Fe and the remaining hydroxyl is thereby reduced, facilitating loss of this group by combination with a structural proton to form water. Oxidation of Fe z+ may thus be associated with dehydroxylation.
It was noted previously that, on oxidation at ambient temperatures, Fe z+ in montmorillonite became indistinguishable from Fe 3+ by M6ssbauer spectroscopy (Rozenson and Heller-Kallai, 1978) . In the original mineral Fe z § occupied M(2) sites preferentially. If oxidation is associated with deprotonation of one hydroxyl group and loss of the other, a doublet with large Q.S. would arise, which is similar to that characteristic of F& + in M(1) sites and would coincide with it. If deprotonation were not associated with loss of the second hydroxyl group, a doublet with different Q.S. would be expected. The M6ssbauer spectra, therefore, suggest that oxidation of structural Fe in montmorillonite and other phyllosilicates may entail dehydroxylation, even at low temperatures. Deprotonation of some of the hydroxyl groups tends to isolate others, some of which may then be preserved in the structure beyond the stage at which most of the dehydroxylation takes place.
CONCLUSIONS
The M6ssbauer spectra, interpreted in the light of the known crystal structures, showed that iron which originally occupied M(2) sites became 5-coordinated, and that in M(1) sites, 6-coordinated on dehydroxylation. By analogy it can be speculated that other octahedral cations became similarly coordinated. The 6-coordinated sites are very distorted.
Samples with high iron content disintegrate at lower temperatures than their iron-poor counterparts, expelling iron oxide from the structure. Disintegration may even precede complete dehydroxylation.
No migration of octahedral cations was observed under the thermal regime employed in this study (I-3 hr heating; T ~< 700~ in contrast to samples subjected to more prolonged heat treatment, described by Rozenson and Heller-Kallai (1980) . The XRD, XRF, IR, and M6ssbauer data show that dehydroxylation does not occur uniformly throughout the structure. In iron-poor minerals proton migration is followed by dehydroxylation of A1-OH-Mg and A1-OH-Fe groups. The associated structural changes, like those accompanying the migration of Li from interlayers into octahedral sheets on heating, are localized and do not affect the overall parameters. These parameters are changed only when most of the AI-OH-A1 groups have been dehydroxylated. Dehydroxylation of iron-rich minerals commences with Fe-OH-Fe and Fe-OH-Mg groups.
The presence of KBr, acting as a proton acceptor, aff.ects the r q~rse and temperature of d~hydrgxy!~tipn~ but not the cofifiguration of the 5-ahd 6-do0rdihate d sites of the product.
Fe 2+ in the minerals is oxidized either before or during dehydroxylation.
